Recent work has found that retirement may lead to improvements in health, although the literature has not yet reached a consensus. This could be due to actual differences in the relationship of interest between countries or due to methodological differences between studies. The first goal of this paper is to estimate the causal impact of retirement on self-reported health using consistent estimation techniques on three harmonized longitudinal data sets, representative of the United States, England, and continental Europe. Using panel data and instrumental variable methods exploiting variation in statutory retirement ages, this paper then estimates how retirement causally affects health and health-related behaviors. We find, in all settings, retirement leads to better self-reported health, but that magnitude of the effect varies considerably. We also find that retirement increases the amount of exercise for those retiring from nonphysical jobs in all settings. The effect of retirement on addictive behaviors (drinking and smoking) was more mixed across settings. These findings suggest that public health interventions targeted to get near retirees to exercise more could allow countries to reap the benefits of a longer-working life while minimizing the associated health decline.
Introduction
The notion that retirement might independently affect physical health is an old and persistent hypothesis (see Minkler 1981 for a review). Recent literature has focused on estimating the causal impact of retirement on health, but the literature is far from reaching a consensus about this size, or even the sign, of this relationship. For example, some studies find that retirement improves self-assessed health for at least subsets of retirees (Neumann 2008; Coe and Lindeboom 2008; Johnston and Lee 2009; Coe and Zamarro 2011; Insler 2014) , some studies find no effect (Bound and Waidmann 2007) , and others find detrimental effects (Dave et al. 2008; Behnke 2012; Calvo et al. 2013) . Even among studies that find positive effects of retirement on health within the US, the size of the effect remains debated. It is currently unclear if the differences in the estimated relationship of retirement on overall health are due to methodological differences between studies or due to actual differences in the relationships between the countries studied.
A more recent strand of the literature has begun estimating the impact of retirement on health-related behaviors, such as physical activity, eating, drinking, smoking, in order to try to understand why retirement influences health. Evenson et al. (2002) and Insler (2014) finds that retirement is associated with increased physical exercise and decreased smoking, but neither estimate causal models. Zheng et al. (2008) find that retirement decreases physical activity among men retiring from physically strenuous employment. Eibich (2015) finds that retirement leads to an increase of physical activity in Germany. Aguiar and Hurst (2005) and Zheng et al. 4 (2008) find that retirement does not affect food consumption. This literature largely has focused on the US, so it is hard to know if the findings from one country are applicable to other settings, or if the health gains in Europe are due to different behavioral changes.
In order to further understand the relationship between retirement and health and health-related behaviors, this paper uses a cross-national setting and makes use of panel data from three recently available, harmonized, longitudinal studies on middleaged and elderly adults in three different settings (eight waves of the Health and Retirement Study (HRS) (United States); three waves of the English Longitudinal Study of Ageing (ELSA) (England); and two waves of the Survey of Health Aging and Retirement in Europe (SHARE) 1 (continental Europe)). This allows us to estimate the impact of retirement on health in a multi-country setting using identical methodology, to first estimate what are the underlying differences in the relationship between retirement and health due to country differences and not methodological ones.
An important issue that complicates the analysis is determining the causal mechanism between retirement and health and health behaviors, since retirement can be caused by a decline in health (see e.g. Boskin and Hurd 1978, Burkhauser 1979, 1 This paper uses data from SHARE release 2.5.0, as of May 24th 2011. The SHARE data collection has been primarily funded by the European Commission through the 5th framework programme (project QLK6-CT-2001-00360 in the thematic programme Quality of Life), through the 6th framework programme (projects SHARE-I3, RII-CT-2006 -062193, COMPARE, CIT5-CT-2005 -028857, and SHARELIFE, CIT4-CT-2006 and through the 7th framework programme (SHARE-PREP, 211909 and SHARE-LEAP, 227822) . Additional funding from the U.S. National Institute on Aging (U01 AG09740-13S2, P01 AG005842, P01 AG08291, P30 AG12815, Y1-AG-4553-01 and OGHA 04-064, IAG BSR06-11, R21 AG025169) as well as from various national sources is gratefully acknowledged (see www.shareproject.org for a full list of funding institutions). among many others). To address this potential for reverse causality, this paper makes use of panel data and instrumental variable methods to assess how retirement causally affects health-related behaviors. In constructing instrumental variables, this paper exploits information about statutory retirement ages, taking advantage of the fact that the timing of retirement is partly determined by the incentives imbedded in the rules determining Social Security benefits, as well as by employer-provided pension benefits.
( See Hurd 1990 and Lumsdaine and Mitchell 1999 for reviews, and Zissimopoulos et al. 2007 , Poterba and Venti 2004 , Anderson et al. 1999 , Samwick 1998 .) Cross-national research, such as Wise (1999, 2004) , note that there is a strong negative correlation between labor force participation at older ages and the generosity of early retirement benefits. These instruments have been used successfully before to measure the causal effects of retirement on health (Charles 2004 , Neuman 2008 , Bound and Waidmann 2007 , Coe and Zamarro 2011 , Rowhedder and Willis 2010 , Coe et al. 2012 ).
Thus we have a set of instruments for retirement that will work across national boundaries and give us estimates on the same type of individuals -those induced into retirement by the financial incentive to retire -across countries.
The rest of the paper is organized as follows. Section 2 presents the analytical framework for measuring the relationship between health behaviors and employment/retirement, including the data and econometric methods and model specification. Section 3 presents the results. Finally, Section 4 concludes that while the direction of the causal relationship between retirement and health is positive, the size of the effect is quite disparate across countries, ranging from a 22 percentage point decrease in the likelihood of reporting they are in bad health among men retiring in 6 Europe to a 2 percentage point decrease among men retiring from physically demanding jobs in the US. We also find that retirement leads to a significant increase in the amount of vigorous exercise in all country settings, while the effect of retirement on addictive behavior (drinking and smoking) is more mixed. Together, it suggests that programs that increase exercise among all citizens before retirement, could help individuals reap the health benefits of retirement without having to leave the labor force.
METHODS

Conceptual model
We start with a simple framework for modeling the relationship between health and work, focusing on the health production function (Grossman, 1972) . Health in any given time period is a function of the previous health stock and the biologically determined rate of health deterioration. Individuals can make investments in their health to help counteract the national deterioration due to aging and potentially improve their health.
Retirement can impact the health through either the substitution effect or the income effect. The income effect occurs if expected lifetime income changes with retirement or consumption smoothing between working and retirement is incomplete.
Thus if retirement leads to lower income, optional health levels may decrease, or the costs of health investments become too high, suggesting retirement would lead to lower health. The substitution effect can manifest itself in many ways, by essentially lowering the opportunity cost of health investment during leisure time, reducing on-the-job 7 activity, stress, and hazardous work, and potentially changing the optimal investments made in health. The substitution effect could lead to either health improvements or declines in retirement. Thus the causal relationship between retirement and health is theoretically ambiguous, and we must rely on empirical studies.
Health-related behaviors may change with retirement as a direct result of the change in how one spends time during the week, from work to leisure. Evenson et al. (2002) find that those who retire are more likely to start a new physical activity and more likely to maintain their sports activity than those who continue working. On the other hand, evidence suggests that retirees also increase their television viewing (Robinson and Godbey, 2008) . Slingerland et al. (2007) expand on this idea, and while they find that Dutch retirees increase their sports-and leisure-time physical activity, their total physical activity decreases, primarily due to the loss of exercise related to commuting. If the job was physically demanding, retirement may also decrease the amount of total exercise one gets. Zheng et al. (2008) find that retirement causes more weight gain for those who leave physically demanding jobs than for those leaving a sedentary job.
Similarly, Chung et al. (2009) found that those already overweight retiring from physically demanding jobs suffer from a modest weight gain. Also, retirement increases leisure time, which may in turn have an impact on where and what one eats and, thus, on how many calories one consumes. Chung et al. (2007) find that retirement, particularly of the female member of a couple, leads to fewer meals eaten outside the home, which in turn lowers weight gain in retirement.
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In addition to causing changes in exercise and calorie intake, retirement is a major life change and can be a stressful event (Carp 1967 , Eisdorfer and Wilkie 1977 , MacBride 1976 , Sheppard 1976 ) that may have an impact on health. If one deals with this stress through increased drinking, eating, or smoking, then this can have a direct impact on one's health. Previous work is inconclusive. Some studies find a positive association between retirement and problematic drinking (Ekerdt et al. 1989, Perreira and Sloan 2001) , while others find retirement to be associated with fewer drinking problems and lower levels of alcohol consumption (Gallo et al. 2001 , Neve et al. 2000 , Roman and Johnson 1996 , Bacharach et al. 2004 ). Lang et al. (2007) find a negative association between smoking and retirement in England. Further, none of these studies isolate the causal relationship or take into account the potential reverse-causation or an omitted third factor that is causing both retirement and the change in behavior. Zantinge et al. (2014) conduct a systematic review of the literature on how retirement impacts health behaviors. Overall, their analysis of 20 papers in various countries suggests that the effect of retirement on alcohol consumption is mixed, and that existing studies on smoking and dietary habits were too limited to draw strong conclusions. Leisure time physical activity tends to increase, but not enough to compensate for the loss of physical activity related to work.
Data
This paper makes use of the Health and Retirement Study (HRS) (United States) (1992-2008 (9 Lee (2010) for a detailed discussion on the comparability of the surveys at conceptual level). Despite the intention for cross-survey comparability, creating comparable data between data sets remains non-trivial. In this respect this paper benefits from harmonization efforts as part of the Global Aging Data Repository (http://gateway.usc.edu/). Table 1 summarizes the information available in each survey used. Although the list of mechanisms is not exhaustive, we have data on a large range of behaviors and activities in a variety of countries to study which paths might be more important. In addition, both objective and subjective measures of health are available, as are detailed socio-demographic information that allows us to control for health events and socioeconomic factors. 4 There are very few sample restrictions necessary for this analysis. First, we eliminate incomplete survey records. Second, we eliminate those individuals who have never worked and those who have not worked since age 50, either due to individual choice or physical or mental limitations. Finally, we limit our analysis to men, since we are less worried about the potential for cohort effects in the characteristics of the working population for men than for women. The final sample consists of 51,110 total observations for the HRS, 11,545 total observations for ELSA and 22,056 total observations for SHARE.
We supplemented these data sets with information regarding country-specific statutory ages of retirement, presented in Table 2 . All countries studied except Denmark have both an early retirement age -the age at which men are first eligible for retirement benefits -and a full retirement age -the age at which men are eligible for the "full" benefits. The full retirement age is almost universally 65 for the countries and birth cohorts studied, with the exception being France set at age 60. Early retirement ages show more variation across countries, ranging from 57-63. In the US, while there is a normal retirement age of 65 for men of these birth cohorts, we do not use this as an instrumental variable since it is also the age of Medicare eligibility.
Using these data, we construct instruments based on dummy variables indicating whether the individual is above the full or early retirement ages set in his country:
where i refers to the individual, c a country and t a particular year. Note that these instruments present variation among individuals of different ages in a given country (depending on the individual being above or below the statutory retirement age set in his country in a particular year) and among individuals residing in different countries given a particular age (as statutory retirement ages vary across countries). Finally, for the analysis of drinking behaviors, whenever available, we also included measures of number of cafes or pubs per million inhabitants to capture cultural and context effects (van den Broek, 2002) .
Econometric Methods
We want to determine the effect of the binary decision of being retired ( ict R ) on each potential pathway for health changes ( ict P ). The estimates are based on slight variations of the following main empirical model:
where ict P refers to the specific outcome we are interested in studying (e.g., health, drinking, smoking, exercise, etc.). 1 is our main coefficient of interest as it estimates how retirement affects health and health-related behaviors. the instruments this function is nonlinear and non-monotonic. That is, a discrete jump in the probability of retirement is observed at the eligibility ages for early and full retirement pensions. Our approach therefore still allow us to control for smooth-age effects on health and health behaviors when at the same time using eligibility for early and full retirement ages as instruments. The identifying assumptions that we have to make is 13 that health and health behaviors do not change in a discontinuous way at the exact ages of eligibility for early and full retirement pensions. The availability of data from multiple countries with different statutory retirement ages allow us to better satisfy this assumption.
Despite of the difficulty to claim that OLS estimates are consistent in this context, due to the endogeneity or retirement, we also estimate equation (3) using OLS methods to compare the results with panel data and instrumental variable approaches.
Specifically, linear probability models (OLS, IV, fixed effects and IV fixed effect models)
are estimated for binary outcomes (i.e. bad health status, drinking, smoking, exercise, and obesity status). 7
Finally, we test for heterogeneous effects of retirement depending on the type of job one retires from by including a specification with information about the level of physical activity in the previous job and the interaction term with the retirement variable. Table 3 shows descriptive statistics for the three data sets used in this paper.
RESULTS
Descriptive statistics
Considering the number of different countries involved in the analysis, the demographic characteristics are similar between the three data sources. The average age is between 64.5 and 66.5, with the percent self-reported retired between 60 and 62 percent. The SHARE is the youngest sample and the most retired, consistent with broad labor force participation patterns in continental Europe compared to the US or the UK. The HRS sample has more years of education, on average, and is more likely to be married. The
British sample is the least likely to report working in a physical job. These differences, however, can be due to small divergences in the way this information is collected in these surveys. 8
There is more variation between the different countries in terms of health and health behaviors. The British sample is much less likely to report being in fair/poor health. The continental European sample is the most likely to be currently smoking and a heavy drinker, which could be one explanation for the high prevalence of bad health reported.
Instrument validity
In order for statutory retirement ages to be valid instruments, they must be related to actual retirement behavior. Earlier work on the causal effect of retirement on health has
shown that these proposed instruments are very strong predictors of retirement behavior (see e.g. Charles 2004 , Neuman 2008 , Bound and Waidmann 2007 , Coe and Zamarro 2011 . The first stage regression indicates that retirement ages are important predictors for retirement behavior in all countries in our analysis, as shown in Table 4 . 9
As we can see in this table, our instruments are significant predictors of retirement in all datasets. Interestingly, our instruments have a differential effect on the retirement probability of men working in physically-demanding jobs in the US only. Identification 15 requires that there not be an independent, discontinuous change in health behaviors, activities and health care measures at the particular statutory retirement ages in place in each country. Therefore we only use the eligibility for early retirement in the U.S. in order to avoid identifying the effect of the Medicare eligibility age (age 65) on health.
Therefore our model is only just identified, and we only present the F-statistic for significance of the instrument.
For the case of SHARE and ELSA where instruments based on both early and full retirement ages are used, the model is overidentified. We present results of F-tests of joint significance of the instruments in the first stage and Hansen J tests of overidentification testing the joint validity of our instruments. For all cases F-tests show that our instruments were jointly significant. We also pass Hansen J tests for all cases at the 95% significant level, although only marginally for the case of SHARE when the specification includes interactions with type of work. The instruments seem to be weaker in this case and this is something that should be kept in mind when interpreting the results.
Effect of retirement on self-reported health
This research was motivated by disparate findings in the relationship between health and retirement in different countries. Thus our first task is to replicate these original findings, but using consistent methods and variable definitions across the countries to facilitate comparison. Table 5 The OLS regressions in all three country settings show that retirement is negatively correlated with health. The OLS regression highlights the endogeneity problem; retirement is negatively correlated with health. Once we instrument for retirement, we find that retirement leads to better health, as measured with a lower propensity to report fair/poor health. The size of the effect varies considerably across countries. The greatest effect is found in continental Europe (SHARE), where retirement leads to a 22
percentage point drop in the likelihood of reporting fair or poor health, followed by England (ELSA: 14 ppt drop), and the smallest effect in the US (HRS: 7 ppt drop).
10 See Appendix C for the full baseline results. 11 As mentioned earlier, for SHARE there are only 2 consecutive waves of data available and thus we do not estimate the specifications with individual fixed effects. These specifications are also omitted for ELSA in the case of regressions about being overweight, as BMI information is only available in one wave. 12 The sample size drops slightly in the second specification due to missing responses concerning the physicality of the last job.
These findings confirm Coe and Zamarro (2011)'s findings for continental Europe, and are slightly bigger for England compared to Bound and Waidmann (2007) .
We then test to see if there are differential effects of retirement on health based on the physical activity of the job one retires from. The patterns of the effects are similar in the US and England, although the differences in the effect of retirement on health based on the physicality of the job are only statistically significant in the US. There we find that the retirement effect is driven by individuals retiring from non-physical jobs. Retiring from a physical job in the US leads to a 2 percent decrease in the probability of reporting bad health; retiring from a non-physically demanding job decreases the probability of reporting bad health by 7 percentage points.
The different models provide interesting insight into why the literature has previously estimated such different effects using different models and data sets. For the HRS, it is clear that the heterogeneity of the relationship between retirement and health is important. We find that retirement improves health the most for those retiring from nonphysical jobs, while having more modest improvements for those retiring from physically-intensive jobs. The story seems to be a little different in continental Europe.
Individuals in physical jobs are actually in worse health overall, and retirement leads to better health, with a stronger effect for individuals retiring from physical jobs (although the limited sample size leads to insignificant coefficients at traditional levels).
Health Behaviors
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In order to see why retirement has different effects on health in these different country settings, we explore how health behaviors (Table 6 ) are impacted by retirement.
Each panel presents the results from both models estimated for one of three health behaviors: exercise, drinking, and smoking. Each set of columns refers to the different models (OLS, IV, FE, IV FE) and each data set (HRS, SHARE, ELSA) respectively.
HRS:
In the US, we find that retirement leads to an increase in the probability individuals report partaking in vigorous exercise. This increase is not only statistically significant, but sizable as well, with retirement leading to a 13 percentage point increase in the probability of reporting vigorous exercise off a base of 32 percent. This finding is consistent with the idea of retirement decreasing the opportunity cost of making timeintensive investments in one's health. Consistent with the earlier results for the effect of retirement on overall health, the effect of retirement on exercise for individuals who work in physically demanding jobs is only about one-third of the overall increase in exercise due to retirement (5 percent increase vs. 15.7 percent increase). While retiring from physically demanding jobs leads to a smaller impact on exercise, it also leads to a 4 percentage point decrease in the likelihood of drinking heavily.
SHARE:
While the overall impact of retirement on health in continental Europe is large, we do not find an overall impact of retirement on these three health behaviors.
Instead, retirement impacts health behaviors differently depending on what type of job you retire from in Europe. Retirement from non-physically demanding jobs leads to an 18 percentage point increase in the likelihood of exercising, however, they are also 15
percentage points more likely to smoke after retirement. Retirement from physically-demanding jobs leads to almost no change in exercise, but a 9 percentage point increase in drinking and a 5 percentage point increase in smoking. This suggests that the health gain in retirement, particularly from those retiring from physically-demanding jobs, is not coming through one of these health behavior channels.
ELSA:
In Britain, the pattern and magnitude of the effects is very similar to that of the US. Overall there is a 18 percentage point increase in the likelihood of participating in vigorous exercise after retirement, and this effect is driven by men retiring from nonphysical jobs. Men retiring from physical jobs, however, decrease their smoking (17 ppt) due to retirement.
DISCUSSION
A growing body of literature has focused on measuring the causal relationship between retirement and health. A consensus has not been reached yet, largely due to different data sets and methodological approaches. The first goal of this paper was to harmonize the data sources and methods as much as possible to estimate this causal relationship consistently across the different country settings. We find that retirement is good for men's health in all three study settings: US, England, and Europe. The positive relationship between retirement and health is driven by men retiring from non-physically demanding jobs in both the US. While the direction of the effect is constant, the size of the effect varies; the largest effect is for men retiring in continental Europe (22 ppt), then England (14 ppt), and finally the US (7 ppt for men in non-physical jobs, 2 ppt for men in physically-demanding jobs).
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The second goal of this paper was to peer into the black box of the health production function to see if we can find out why retirement impacts health in order to make better retirement and public health policy prescriptions. In the US, Europe, and England, we find that men retiring from non-physically demanding jobs increase their exercise dramatically upon retirement. The increase in exercise is much less pronounced for men retiring from physically demanding jobs, consistent with the men getting most of their physical activity at work. These findings suggest programs that are effective at encouraging exercise among men while they remain working may allow men to achieve the health gains without having to actually leave the labor force.
We also find mixed evidence about the effect of retirement on smoking and drinking.
In the US and England, retirement leads to decreases in these bad health behaviors, while we find evidence of increases in these behaviors in continental Europe. Further work exploring how these relationships are also linked with the social behavior of these men would be of interest.
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-Physical job: For HRS this is a dummy variable that takes value one if the respondent reported that his/her current job in the interview year involves a lot of physical effort most of the time. If the respondent is not working in the current wave then this variable indicates whether the last job of the respondent was a physical job. For ELSA, this is a dummy variable that takes value one if the respondent reports having a physical work or heavy manual work as the level of activity in his/ her main job, for those not working it takes value one if the last job was physically demanding. For SHARE, this variable takes value one if the respondent agrees or strongly agrees to the statement that his/ her job is physically demanding or if the respondent stops working from a job that was physically demanding.
-Bad Health: Dummy variable that takes value one if the respondent reports being in fair or poor health.
-Vigorous Exercise: Dummy variable that takes value one if the respondent reports doing vigorous exercise activities more than once per week.
-Heavy drinking: For SHARE, this is a dummy variable that takes value one if the respondent reports having alcoholic beverages like beer, cider, wine, spirits or cocktails almost every day, during the last 6 months. For ELSA, this is a dummy variable that takes value one if the respondent reports having alcoholic beverages almost every day, during the last 12 months. This information is available in ELSA only for waves 2 and 3 of our data set. For HRS, this variable takes value one if the respondent reports drinking alcoholic drinks more than four days per week in the previous two years from the date of interview.
-Current smoking: For SHARE, this is a dummy variable that takes value one if the respondent reports smoking cigarettes at the present time and reports having ever smoked daily. In HRS, this is a dummy variable that takes value one if the individual reports smoking cigarettes at the present time and reports having ever smoked, regardless of whether the smoking was daily. Finally, for ELSA like HRS this is a dummy variable that indicates whether the respondent reports smoking at all nowadays and reports ever smoking.
-Household income:
It is the sum of all income of the respondent and the spouse in the household. Differences in the components of total household income among HRS, ELSA and SHARE are document in https://mmicdata.rand.org/meta/codebooks/RH_SHARE_Codebook.pdf and https://mmicdata.rand.org/megametadata/codebooks/RH_ELSA_Codebook.pdf.
-Net worth:
It is the net value of total wealth, which is calculated as the sum of all wealth (excluding second home, if applicable) less all debt of the household. Differences in the components of net worth among HRS, ELSA and SHARE are document in https://mmicdata.rand.org/meta/codebooks/RH_SHARE_Codebook.pdf and https://mmicdata.rand.org/megametadata/codebooks/RH_ELSA_Codebook.pdf.
-Years of education:
In HRS this variable collects the number of years of education and it takes a maximum value 17 for post college education. In SHARE the maximum value of years of education is 21 for wave1 and 25 for wave 2. Unlike the HRS and SHARE, ELSA does not survey respondents as to the number of years of education. Instead, ELSA survey respondents as to their educational qualification. The value of years of education has been imputed from highest education qualification following the conversion table described in https://mmicdata.rand.org/megametadata/codebooks/RH_ELSA_Codebook.pdf. Unlike the RAND HRS, years of education in ELSA range from 0, which indicates no years of education, to 16, which indicates 16 or more years of education. Note: all regressions also include all covariates indicated in Table C3 (ELSA).
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APPENDIX B: FIRST STAGE REGRESSIONS Appendix
